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This study was undertaken in order to describe
the fundamental differences between normal
skin and the oral mucosa mainly from the stand-
point of keratinization.
A brief survey of the literature dealing with
the human oral mucosa reveals that Sognnaes
and Albright (1, 2), Fasske and Themann (3), and
Zelickson and Hartmann (4) have done electron
microscopic work on the human oral epithelium,
Listgarten (5) and Kurahashi and Takuma (6)
on the human gingival epithelium, Melcher on
the oral connective tissue (7), and Frithiof and
Wersall on some organelles (8). TJntil now,
however, no electron microscopic work has been
done on the posterior buccal mucosa of the human
oral cavity, although the anterior buccal mucosa
has been studied by Zelickson and Hartmann
(4); and there has been no comparative study
of the human mucous membrane with either
adult or embryonic human skin.
In this study it was found that the normal
human posterior buccal mucosa is very similar
to the immature embryonic epidermis in all
aspects; and that despite a complete lack of
keratinization, the plasma membranes of the
posterior buccal epithelial cells in upper layers
become considerably thicker than those of the
lower layers, thus suggesting that this thickening
process is a phenomenon independent of keratini-
zation.
MATERIALS AND METHODS
Biopsy specimens wore taken from the normal
human buccal mucosa, posterior or lateral to the
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second molar tooth, of ten healthy white men and
women between the ages of 17 and 50. Five speci-
mens were obtained from the oral lesions of pem-
phigus vulgaris, and one from the lesion of stoma-
titis of the posterior buccal mucosa. All specimens
were immediately sliced into small pieces, fixed in
1% osmic acid in veronal buffer (pH 7.2) contain-
ing 4.5% sucrose. After fixation for one hour, the
tissues were dehydrated through a series of graded
alcohols and propylene oxide, and were embedded
in Araldite. Thin sections were then cut with an
LKB Ultrotome at 400—600 A. The sections were
stained first with 1% uranyl acetate in 50%! etha-
nol, and then, before completely dried, re-stained
with lead citrate (9). Some specimens were stained
for acid phosphatase before osmic acid fixation
using the method of Barka and Anderson (10).
RESULTS
Basement membrane and basal layer. The base-
ment membrane measured approximately 600 A
in thickness. Occasionally, phagocytes, lympho-
cytes, and leukocytes were seen crossing the
basement membrane (Fig. 1). In such areas
the subepithelial reticular fibrils were thick, and
re-duplication of the basement membrane, as
reported by Caulfield and Wilgram in erythema
multiforme (11), was observed (Fig. 1). The
basal cells here contained fewer tonofilamcnts
than the epidermal basal cells (Fig. 1). Inter-
cellular spaces were rather wide, with numerous
slender villi of the basal cells projecting into
them (Fig. 1). Some basal mclanocytes con-
tained well-developed, rough-surfaced endo-
plasmic reticulum and were actively producing
all gradients of maturation of melanin granules
in their melannsomes (Fig. 2). The dendritic
processes of these melanocytes, found between
the basal cells and squamous cells, contained a
greater number of more mature (larger and
denser) melanin granules than did the body of the
melanocytes. This phenomenon can be explained
by assuming that the melanocytes inject their
melanin granules into the surrounding cells as
soon as the granules reach maturity. The basal
cells and the squamous cells contained varying
numbers of injected melanin granules (Fig. 2).
As the basal cells moved up into the squamous
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FIG. 1. Basement membrane and basal layer. A continuous basement membrane (Bm) sep-
arates basal cells (B) from the undarlying connectiva tissue. Abutting on this mambrane ara
thin reticular fibers (r) and variously sized collagen fibrils (C). In one place the basement
membrane is reduplicated (thick arrows). The basal cells contain a relatively small number
of tonafilaments (T) in comparison with those of the epidermal basal cells. Thin arrows: half
desmosomes. B: desmosome. L: exocytotic lymphocytes. M: connective tissue monocyte. N:
nucleus of basal cell. p: cytoplasmic projections of basal cells. (X 10,440).
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Fins. 2a and 2b. Injected melanin granules are seen in the cytoplasm of the basal cells. m:
mitochondria. T: tonofilaments. (X 23,760).
FIG. 2c. A basal melanocyte contains many melanin granules at different developmental
stages (1 through 4) within its melanosomes (arrows). N: nucleus. p: plasma membranes.
oK 31,680).
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layer, they gradually accumulated glycogen, the
accumulation reaching its peak in the upper
squamous layer, where it tended to surround the
nuclei (Fig. 3a). The number of tonofilaments
increased slightly in the squamous layers (Fig. 4),
but thick cemented strands of tonofilaments, as
seen in the skin, were not observed. In such
filaments suggestions of cross-striations were
seen (Fig. 4), and, instead of being condensed as
in the skin, they became dissociated from each
other, dispersed and inconspicuous (Fig. 3b).
Intercellular spaces were filled with an amorphous
substance of moderate electron density (Fig. 4).
The cells corresponding to the "granular cells"
of the skin were only slightly flattened and
contained a decreased amount of glycogen.
Occasionally, glycogen was also found in the
intercellular spaces between these cells (Figs. 3b,
6).
The "granular cells" of the posterior buceal
mucosa contained a large variety of granules, but
did not contain really typical keratohyaline
granules (see below) as are seen in the epidermal
granular cells, i.e., dense, polygonal-shaped
granules often attached by tonofilaments. The
first variety, the so-called membrane-coating
granules, ranging widely in diameter from 700 A
to 2,000 A, was seen in the vicinity of the plasma
membranes of the upper squamous or "granular"
cells (Figs. 3b, 5, 6). They were delimited by
double membranes and showed internal eristae
(Fig. 5). It has been claimed by Matoltsy and
Parakkal (12) that these granules contribute to
the thickness of the plasma membranes by dis-
charging their contents into the intercellular
spaces and by coating these membranes from out-
side. The actual thickening of the plasma mem-
branes was observed (Figs. 3b, 5): the thickness
of the plasma membranes of the basal and the
lower squamous cells measured only 50 to 70 A,
whereas that of the upper granular cells thickened
up to 160 A. The second type of granules, also
ranging widely in diameter between 900 A and
5,000 A was comprised of dense bodies (Fig. 5)
which often revealed a few vesicles per plane of
section, and occasionally a delimiting membrane
(Figs. 3b, 5). Bundles of thin tonofilaments often
converged into these granules (Figs. 3b, 5), and
in some instances, the typical membrane-coating
granules described above were seen fusing into
them (Fig. 5), thus increasing their size. Be-
cause this second type was all aligned near the
plasma membrane (Fig. 5), it was thought that
they represented large sized membrane-coating
granules, small lysosomes, or modified keratohya-
line granules. The third type of granules in the
"granular cells" consisted of large multivesicular
dense bodies measuring up to 9,000 A (Fig. 5).
This variety tended to localize near the nucleus
(Fig. 6), and very much resembled those bodies
described as lysosomes by Farquhar and Palade
(13) in amphibian epidermis. These granules
also resembled morphologically similar bodies
defined as lysosomes in the intraepidermal human
eecrine sweat duct epithelium and in many other
tissues (9, 14, 15). It was found that this third
type definitely represented lysosomes, first be-
cause they contained acid phosphatase (Fig. 7),
and second, because in diseased conditions such
as pemphigus vulgaris (16) and stomatitis, they
demonstrated the typical autophagic nature (Fig.
7) of lysosomes (15).
There were, of course, transitional forms be-
tween these types. Cells corresponding to the
"horny cells" did not undergo any more signifi-
cant changes than the granular cells except for a
further diminished amount of glycogen, and a
slight flattening of their configuration (Fig. 6).
Sometimes glyeogen was dissolved out of the
perinuclear area (Fig. 8); and other cells showed
eytoplasmic and nuclear degeneration (Fig. 8).
The "horny cells" did not become electron dense
(Figs. 6, 8) as do those of the epidermis since there
was neither an increase in electron density of
filaments, nor an accumulation of interfila-
mentous cementing substances. The cells of the
uppermost layer simply became detached from
the underlying cells and were shed into the oral
cavity (Fig. 8). This detachment occurred by the
resolution of the intercellular cement, since at
this level, there were no desmosomes, and the
coherence of these cells depended upon the cement
entirely (Figs. 9a, 9b, 9c). After the cellular
detachment, the cement was observed as a
moderately dense amorphous material, sticking
to the surface of the plasma membranes with the
interposition of a thin lucid layer measuring
about 40 A (Figs. 9a, 9b). This lucid layer seemed
to correspond to the clear zone separating an
amorphous cementing substance from the plasma
membrane at desmosomal attachment plaques
(17) (Fig. 9c). The outer surfaces of these
"horny cells" demonstrated a number of micro-
villi (Figs. 8, 9d) which were not developed de
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Fie. 3a. Glyrogen (G) accumulates in abundance surrounding the nucleus of an upper
squamous cell. Tonofilaments (T) are present, though few in number, and are dispersed
rather than stranded. m: mitochondria. n: nucleolus. (X 21,600).
Fcc. 3b. "Granule? Cells" contain several kinds of granules. Small-sized granules (black
arrows) arc compatible with the membrane-coating granules, while others which are either
multi-vesiculated (No. 1 through No. 6) and delimited by double membranes (No. 2 and
No. 4), or solid (No. 7), are too large to be membrane-coating granules. Vesiculated varieties
could be lysosomes (multi-vesicular dense bodies), while the solid one (No. 7) could be a
keratohyaline granule. No. 5 and No. 7 are attached by tonofilaments (t). The plasma mem-
branes (p) of these cells are thickened, and tonofilaments (t) are scattered. Glycogen (g) is
found both in the cytoplasm and in the intercellular spaces (white arrows). (>< 61,200).
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FIG. 4. Tonofilarnenls are present in the cytoplasm nf cells in the squamous layer. They are
cut either longitudinally (T) or are cross-sectioned (t). There are suggestions of cross-stria-
tions in some filaments (arrows). Intercellular spaces (S) are filled with amorphous sub-
stances of moderate electron density. In: mitochondria. (X 31,680).
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Fin. 5. Three varieties of granules in the "granular cells." The first type (1) is the inem-
brane-coating granule, the second type (2) the slightly vesiculated dense body to which tono-
filaments are often attached, and the third (3), the large-sized, perinuclear variety of the
multivesicular denee body. The granules numbered 3a and 3b demonstrate a formative stage
of the granule by the accumulation of small vesicles, while 3c is mature, and is wrapped in a
double membrane (typical lysosome). Arrows indicate fusions of the membrane-coating
granules into the second type of granules. Plasma membranes show a definite thickening at
(p) in comparison with the opposing plasma membranes which belong to the snbjacent cells.
G: glycogen. Lines in each picture represent O.Sji.
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FSG. 6. "Granular layers" and "horny layers." The "granular cells" are large and still con-
tain an abundance of glycogen (G), while the "horny layers" have become flattened, and in
this specimen, have already lost most of their glycogen. Thin arrows: membrane-coating
granules. Thick arrows: the third type of granules, i.e., multivesicular dense bodies (lyso-
somes). g: extracellular glycogen. p: pinocytotic vesicles in the outermost "horny cell."
(X 6,120).
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FIGs. 7a and 7b. Acid phosphatase stain of the third type of granules reveals deposits of
fine and coarse particles of lead phosphate (arrows), the final reaction product, signifying
the positive reaction. (X 30,800).
FIGs. 7c and 7e. Engorged third type of granules in stornatitis. In addition to numerous vac-
uoles, these granules contain glycogen (g), and probably degenerated mitochondria (m),
thus demonstrating the autophagic characteristic of lysosomes. (7c: >< 30,950, 7e: >< 21,000).
FiG. 7d. Antophaqic vacuole is seen typically near the nucleus (N) as the third type of
granules, and contains glycogen (g), mitochondria (m), and other miscellaneous organdIes
of its own. G: Golgi cisternae. T: tonofilaments. M: cytoplasmic mitochondria. (>< 14,000).
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FIG. 8. The outermost "horny cells" have lost most of their perinuclear glycogen (g) and
show empty spaces instead. One cell, however, still retains its perinuclear glycogen (G).
These cells show signs of cellular degeneration such as vacuolization (v), destruction and
disappearance of cellular organdIes. The arrow indicates the site of detachment of one of
the surface cells. m: mitochondria. (X 4,255).
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FIGs. 9a and 9b. Del achinq hornq cell and its subjacent cell. Between the thickened plasma
membrane and the dissolved cement (or initial stage formation of the extraneous fuzzy coat)
there is an electron lucid zone of approximately 40A (arrows). (X 42,120).
Fin. 9c. Detached desmosomal attachment plaques show distinctly the electron lucid zone
which is present on the plasma membranes of the adjacent areas. (X 42,120).
Fin. 9d. The outer border of a "horny cell"is lined by a thickened plasma membrane which
measures approximately 160 A. The outer surface of this thickened plasma membrane is
coated with a fuzzy filamentous substance (arrows). The cytoplasm of this cell is filled with
glycogen (G) and clearly visible filaments (F) which are loosely interwoven. Mc: membrane-
coating granule. (X 61,200).
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novo but represented unlocked vffli which had
previously invaginated into one another and
connected individual cells (Figs. 9a, 9b, 9c).
These villi, and the non-villous outer surfaces of
the plasma membranes of the outermost cells
were coated with a fuzzy substance (Fig. 9d)
which probably formed from the dissolved cement
(Figs. 9a, 9b). The thickness of the outer plasma
membranes of the uppermost cells, probably
including that of the lucid layer which became
inconspicuous (Fig. 9d), measure approximately
160 A, a dimension equivalent to that of the
epidermal horny cells (12).
DISCTJSSION
A migration of connective tissue or blood cells
into the epidermis through breaks in the base-
ment membrane can occur in any kind of derma-
titis (18) and has been referred to as exocytosis.
In the mucous membrane it is assumed that a
mild degree of inflammation is physiologically
present due to frictions caused by foodstuffs or
slight trauma caused by chewing, and that sub-
clinical infections are going on due to oral bacte-
rial flora. Consideration of these factors wifi ex-
plain the presence of exocytotic cells in the
"normal" oral epithelium.
Zelickson and Hartmann (4) have reported
that those melanocytes present in the human lip
mucosa are inactive because they contain only pre-
melanin granules. In this study, however, some
melanocytes in the posterior buccal mucosa of
white individuals were shown to have mature
melanin granules.
The microvillous border of the epithelial sur-
face is a common feature of many epithelia ex-
posed to fluid media. Thus, early embryonic
epidermis (19), amniotic epithelium (20), eccrinc
(9, 14, 21) and apocrinc duct (22), and the epithe-
hum of the ureter (23) have this type of luminal
differentiation.
The buccal mucosa differs most strikingly from
the skin in its great content of glycogen, which
may be used as a quick source of energy, poor
differentiation of organelles related to keratiniza-
tion, such as keratohyaline granules, and, as a
consequence (24, 25), the lack of complete
keratinization. These features are commonly
shared by fast growing epithelial cells such as
those of the early embryonic epidermis (19) and
psoriasis (25). Assuming from the speed of biopsy
wound healing, the total transit time of the
buccal mucosa is approximately 7 days and that
of psoriasis was reported by Rothberg, Crounse,
Lee (26) and Weinstein (27) to be 3 to 4 days,
while the normal epidermis, according to the
same authors, turns over in 26 to 28 days. Since
it takes 26 days for keratinocytes to become fully
keratinized, a fraction of 3 to 3 of that time is
obviously not sufficient for the cells of the poste-
rior buccal mucosa to differentiate tonofilaments,
keratohyaline granules and cytoplasmic lipid
substances and to organize these components
into normal keratin. This fast turn-over thus
results in a premature shedding of cells which
have the potentiality to become fully keratinized
(18, 28), and is the reason why the lesions of
psoriasis respond to antifolic acid therapy and
why the buccal mucosa is often ulcerated during
such therapy (29).
The "granular cells" in the posterior buccal
mucosa did not contain typical keratohyaline
granules as are usually observed in the epidermis;
instead there was a variety of granules. It was
often difficult to classify individual granules
(particularly the second type) satisfactorily into
one of the three types mentioned above, or into
any of the categories of organelles thus far rec-
ognized, because of the presence of transitional
or atypical forms. If we regard the second type of
granules as large-sized membrane-coating gran-
ules because of their alignment along the plasma
membranes, then their vesicular contents, lack
of a well-defined delimiting membrane in many
granules, and attachment of tonofilaments are
not compatible with the generally accepted
morphology of these organelles. They are thus
regarded as a novel entity; and it may be assumed
from their morphology and localization that they
might perform the functions of all three types of
granules: membrane-coating, lysosomal, and
keratohyaline.
The cells composing the outermost layers of the
posterior buccal mucosa, as described above, and
the periderm of the human embryo (19) do not
contain typical keratohyaline granules, do not
accumulate keratin filaments, nor do they be-
some electron dense. These cells do have, how-
ever, plasma membranes as thick as those of the
epidermal horny cells. From these observations
it may be concluded that (1) the formation of the
keratohyaline granule is indeed essential in the
normal process of keratinization (24, 25), and
(2) that the thickening of the plasma mem-
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branes can occur independently of the kera-
tiriization, thus supporting the contention of
Matoitsy and Parakkal (12) that the membrane-
coating granules contribute in the main to the
thickening of the plasma membranes of the ep-
ithelial cells. The protective barrier thus pro-
vided by these thickened plasma membranes,
which are, in addition, coated with fuzzy fila-
mentous substances, must be very selective in
its permeability because the abundant amount
of glycogen present in the uppermost layers of
the posterior buccal mucosa is not affected by
salivary diastase, while other enzymes such as
streptokinase-streptodornase in the form of
buccal tablets, alcohols and hormones are known
to be absorbed through the buccal mucosa. They
may be absorbed through the intercellular spaces
which are particularly loose in the lower layers.
SUMMARY
1. Studies were performed on the human
posterior buccal mucosa using the electron micro-
scope.
2. It was found that the posterior buccal
mucosa has the following features: (1) large
glycogen content; (2) poor development of
tonofilaments which, instead of increasing,
diminished in number, and became dispersed in
upper layers; (3) absence of the granular cells
which contain typical keratohyaline granules;
(4) nuclei-retaining, non-flattening cells of the
uppermost layers; and (5) small number of
filaments and an absence of interfilamentous
dense substance in the uppermost layers. These
features are also shared by the epidermis of
young human embryos and were considered
morphological manifestations of a very fast
turn-over of these epithelia.
3. In the posterior buccal mucosa some melano-
cytes were actively producing mature melanin
granules and distributing them into the surround-
ing epithelial cells.
4. A wide variety of granules was observed in
the cells which correspond to the granular cells
of the epidermis: The first type, ranging between
700 A and 2,000 A in diameter was considered
to be the membrane-coating granule. The second
type of granule, ranging between 900 A and
5,000 A in diameter was often vesiculated, oc-
casionally delimited by a well-defined membrane,
attached by tonofilaments, and aligned near the
plasma membranes. They were considered a
novel entity thus far not described, with the
possible triple functions of membrane-coating
granules, lysosomes, and the keratohyaline
granules. The third type consisted of large
multi-vesicular dense bodies, measuring up to
9,000 A, which were found in the perinuelear areas
of the "granular cells", contained acid phospha-
tase, demonstrated autophagic activity in pem-
phigus vulgaris and in inflammation, and were
therefore regarded as lysosomes.
5. In the upper strata the desmosomes dis-
appeared and coherence between the epithelial
cells depended upon the interlocking of viii
which were cemented to each other by means of
the intercellular cement. This cement was seen
as an amorphous, moderately electron-dense
material on the plasma membrane with the
interposition of a thin (40 A) lucid layer. The
resolution of this cement caused the detachment
of the outer cells and the remaining cement on the
subjacent cells formed a fuzzy extraneous coat
when exposed to the saliva.
6. A thickening of the plasma membranes
took place in the posterior buccal mucosa in the
absence of keratinization; the plasma membranes
of the uppermost cells were covered with a fuzzy
extraneous coat and measured approximately
160 A, a dimension equivalent to the thickness of
the plasma membranes of the epidermal horny
cells. Therefore, it was concluded that the thick-
ening of the plasma membranes takes place in the
presence of the membrane-coating granules, and
independently of normal keratinization.
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